cycle and cell as well as tissue growth, that Wilhelm Hofmeister was one of the most accomplished botanists of all time. However, to claim that he was Charles Darwin's equal is to risk walking out on some very thin ice. After all, Darwin gave us a unifying principle that establishes a continuity running through all of life, not just plants, and his theory explains countless features of the living world around us that would be nonsensical without it. And yet it does seem clear that history has turned its back on a great man whose contributions were many and which can still be felt today. Certainly, we can see Hofmeister's mark on this special issue which showcases the current renaissance in biophysics and mechanics in plant biology that he helped pioneer. It is incredible to think that this man with no formal training achieved so much. And his contemporaries at the time certainly recognized his worth, appointing him to the head of the botany department at the University of Heidelberg fi rst, and then at Tübingen. Unfortunately, as we know, things did not end well for Hofmeister, who soon after this last academic appointment experienced the fi rst in a series of horrifi c personal losses and then died tragically young. But what remains is a legacy that few in biology can match.
Visitors to the Serpentine Gallery in Hyde Park, London, UK, can rest in or marvel at a different building every summer. The gallery commissions architects each year to create a novel, unique structure, the Serpentine Pavilion, to be displayed for three months only and then to be dismantled and moved elsewhere as a collectible art work. In Hyde Park, he erected a tree-like wooden roof structure that allows light to fi lter through like a forest canopy. Transparent polycarbonate covering allows the light to fi lter through while guiding the rainwater to the central elliptical support structure, where it forms a waterfall.
On the ground, irregularly swirling walls made of wood blocks stacked in triangular patterns and stained in deep blue provide various degrees of protection from and/or exposure to the wind. Thus, unlike most manmade buildings, which tend to create a boxed-in inside space clearly separated from the outside, this pavilion is more like the space under a tree, sheltered but still open to the world. Its one hard and unnatural boundary, as critics have noted, is its concrete fl oor.
In Africa, his similarly open structures provide shelter from the heat without the expense of air conditioning. In Hyde Park in summer, there is not much risk of weather extremes that would call for protective functions. Conversely, as Kéré has explained in press interviews, the open structure gives city dwellers the opportunity to experience the weather in different ways, without actually getting cold or wet.
Mimicking photosynthesis
Humans have long bent and shaped plant structures for their purposes, from the willow branches made into baskets to the cellulose fi bres reborn as paper or textiles. The advent of steel and then plastics has made our civilisation turn its back on natural structures, however, especially on the larger scales. Art nouveau as the last fl ourish of a fl oral, 19 th century design style gave way to rectangular boxes that look nothing like nature. There are occasional attempts to create more natural structures, like Kéré's pavilion, but on the whole modern technology looks towards plants not so much for their structures but for their molecular functions.
The plant function we most urgently need to copy in order to solve some of the world's problems is photosynthesis. As our technology continues to rely heavily on fossil fuels and thus to reverse the photosynthesis of plants that lived in earlier geological epochs, the global carbon cycle has turned into a one-way street leading us towards catastrophic climate change.
Well-established and economically viable renewable energies like solar and wind power are mainly used to generate electricity, but storage is still problematic and its use in some applications such as air travel almost impossible. Biofuels could in principle close the carbon cycle, but their agricultural production comes with its own carbon footprint and impinges both on world food production and
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Reinventing the plant
Structures and functions of plants have always inspired human technology. Whereas traditional approaches grew out of reshaping plant material to enhance its functionality, modern technology aims to recreate important plant functions such as photosynthesis and carbon capture with entirely new materials. In ecology, artifi cial fl owers help to study insect behaviour under controlled conditions. Michael Gross reports. Therefore, the ideal solution would be to do exactly what plants do, namely converting water, carbon dioxide and sunlight into an energydense fuel, but to do it without using the precious space, soil and water needed for food production. As the natural photosynthesis system is extremely complex and somewhat sensitive to environmental conditions, one would also want to use a simplifi ed, more robust, biomimetic version rather than a copy of the original. Thus, the world needs some kind of artifi cial photosynthesis to produce solar fuel.
R856
Even today, 70 years after Melvin Calvin (1911-1997) and co-workers used radiomarkers to track the pathways of carbon in photosynthesis, our scientifi c understanding of its molecular basis is still incomplete, as new details and subtleties keep emerging. Given the complexity of the natural process, it is no surprise that attempts to recreate it in artifi cial systems also had a slow start.
Motivated by the urgent need for drastic action on climate change, interdisciplinary projects aiming to create the 'artifi cial leaf' have sprung up in several places including in Sweden, the UK and the USA in the fi rst decade of this century, but a breakthrough technology that could conceivably take over the role of oil refi neries in providing the world with transport fuel has not yet been established (Curr. Biol. (2014) 24, R583-R585).
Like the natural process, artifi cial photosynthesis is usually conceptualised as consisting of two major parts, covering the light-driven water-splitting separately from the dark reaction, which involves the reduction of carbon dioxide and conversion into usable fuels.
The light reaction is relatively simple insofar as one could just buy a solar cell and use the electricity to split the water. The resulting hydrogen could serve as gaseous fuel or be made to react with carbon dioxide to produce methanol or syn gas, a mixture of carbon monoxide and hydrogen, which can be converted into liquid fuels by the established Fischer Tropsch synthesis.
Due to the generally poor effi ciency of photovoltaic systems, however, the preferred solution would be to develop a photocatalytic method that directly splits the water in situ. The catalysts initially used for such studies were based on rare and prohibitively expensive metals such as rhodium, but the group of Daniel Nocera at the Massachusetts Institute of Technology, USA, has developed a highly effi cient catalyst based on the more accessible materials cobalt and phosphorus (Science (2011) 334, 645-648) .
Last year Nocera's group, now relocated to Harvard University, together with Pamela Silver and colleagues have combined this photocatalytic water-splitting with a fermentation step based on the hydrogen-oxidising bacterium Raistonia eutropha, which can directly use the hydrogen evolving from the electrode and react it to biomass or fuels by fi xating carbon dioxide (Science (2016) 352, 1210-1213). Their set-up produces a liquid fuel, namely a mixture of alcohols known as fusel alcohols (after the German word for cheap or bad alcoholic drinks).
The authors report that the effi ciency of the hybrid system running on ambient carbon dioxide already exceeds that of natural photosynthesis. An environment enriched in carbon dioxide, such as would be available if the technology were used to scrub exhaust gas from power stations, lifts the performance further. Nocera has recently reviewed progress on the road to solar fuels (Acc. Chem. Res. (2017) 50, 616-619).
In a separate effort based solely on synthetic materials, the groups of Larry Curtiss at the Argonne National Laboratory and Amin SalehiKhojin at the University of Illinois at Chicago, both in the USA, have used a nanofl ake tungsten diselenide catalyst in an ionic liquid medium to reduce carbon dioxide to carbon monoxide (Science (2016) 363, 467-470). The authors also combined this technology with a cobalt-catalysed water-splitting system to produce a complete artifi cial leaf.
Others In a warming world heading towards the milestone of two billion motor vehicles (Curr. Biol. (2016) 26, R307-R310) and torn between diesel deception, electric cars, and the fake news peddled by climate-change deniers, solar fuel has perhaps not quite received the attention and support it deserves. While artifi cial leaves are awaiting their big breakthrough, artifi cial fl owers are already proving very useful for scientists.
Probing pollinators
Insect pollination is of major importance both for natural biodiversity and for our food production. Recent problems affecting domesticated honey bees, along with declines in wild pollinators, have highlighted the vulnerability of this vital ecological link (Curr. Biol. (2011), 21, R137-R139).
Plants guide and infl uence the activity through a wide variety of signals, including tactile, visual and olfactory ones. To investigate the role of each of these separately and under controlled conditions, biologists like Lars Chittka from Queen Mary University of London, UK, have long resorted to the use of simplifi ed artifi cial fl owers, presenting only selected features to the pollinators.
In an early example of this approach, Chittka and Ellouise Leadbeater used fake fl owers made of a plastic-based craft foam and distinguished only by two different petal colours to study the communication between individual bumblebees (Bombus terrestris) -specifi cally, whether an individual is more likely to try an unfamiliar fl ower if it observes another bee feeding on it (Curr. Biol. (2005) 15, R447-R448). The experimental results suggested that prior observation of a conspecifi c on a given 'species' of artifi cial fl ower did indeed encourage bumblebees to try it for themselves.
"We use artifi cial fl owers in most of our work on the sensory systems and learning behaviour of bees, since such fl owers allow us to control precisely the features that are available to bees at any one time," Chittka explains. "This includes 'virtual fl owers' presented to bees on a screen, as well as various contraptions with automated nectar secretion, infrared light barriers or motion-sensitive cameras at the fl owers to monitor bee behaviour, or artifi cial fl owers whose surfaces mimic the micro-structure of fl ower surfaces, including the iridescence produced by them."
In a recent application, the groups of Beverley Glover at Cambridge University and of Heather Whitney at Bristol University, both in the UK, collaborated with Chittka to study the importance of iridescence effects in the communication between plants and pollinators.
Iridescence is a change of perceived colour produced by diffraction. The conspicuous effect, notable in many species of insect and in some plants, is that the perceived colour of the iridescent object depends on the viewing angle. By constructing artifi cial fl owers that use a given background pigmentation in combination with a designed diffraction grating, Whitney and colleagues could study in detail how the iridescence effect impacts on fl ower recognition by the bumblebee Bombus terrestris (Curr. Biol. (2016) 26, 802-808).
The researchers found that the subtle iridescence as seen in some fl owers makes the fl ower more conspicuous without putting the colour recognition at risk. While the colour may change somewhat as the bee approaches, the change is not dramatic enough to mislead the bee. By contrast, a 'perfect' iridescence with the maximal possible colour change effect might confuse pollinators, especially in a natural environment with many other hues of colours.
The trade-off between the benefi ts of becoming more conspicuous through iridescence and the risk of losing colour-coded identity explains the halfway approach. For iridescent insects, by contrast, the situation is reversed. For them, being conspicuous is the risk, while confusing the eye of the beholder may save their lives. This may explain why some beetles display much stronger iridescence effects than plant petals.
In another recent study combining behavioural experiments on bumblebees with simplifi ed artifi cial fl owers, Kathryn Hunt and Lars Chittka investigated the long-term fate of separate memories (Curr. Biol. (2015) 25, 741-745). Bees trained fi rst to recognise a black and white pattern and then a specifi c colour suffered what in human psychology is known as a 'memory conjunction error', i.e. a merging of the two separate memories. Interestingly, this merger did not happen when the colour training was carried out before the pattern training. The authors suggest that, in bees as in humans, this error 
